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ABSTRACT. Superimposition of upper divergence on pre-existing lower convergence is a well
known fact for rapid intensification of the low level system. An attempt is made to show how rapid
and intense developments of some of the small or meso scale systems in the Indian summer monsoon

field are actuaily sssociated with the appearance of small cored upper anticyclonic spirals fractionally

imposed on the low level systems, the upper anticyclonic spiral, thereby, serving as a forerunner for

such typical meso or small scale accentuations.

1. Introduction

1.1. In this paper some typical cases of accentua-
tions of meso and small extent are discussed, where,
rapid intensification took place in pre-existing low level
convergence of the Indian summer monsoon field.

1.2. The cases discussed are :

(1) The Raigarh-Champa-Sambalpur area of 24/
25 August 1970 — Raigarh reporting exceptionally
heavy fall of 33 cm and Sambalpur and Champa very
heavy falls of 15 and 13 cm respectively on the morn-
ing of 25th,

(2) The Akola area of 24/25 September 1970 —
Agola Airport reporting exceedingly heavy fall of 21
cm and, the city, very heavy fall of 15 cm on the
morning of 25th.

(3) The Ramagundam-Sironcha area of 25 Sep-
tember 1979 — Ramagundam and Sironcha recording
11 and 10 cm on the morning of 26th.

(4) The Yeotmal area of 20/21 September 1981—
Yeotmal recording an exceedingly heavy fall of 22
cm on the morning of 21st.

(5) The Malegaon-Jalgaon-Ahuwa area of 19/20
June 1982 — Malegaon, Jalgaon and Ahuwa (Gujarat)
recording exceedingly heavy falls of 24, 19 and 19
cm respectively on the morning of 20th.

(241)

1.3. The synoptic situation at the lower troposphere
in all the cases — the appearance of small cored intense
embedded in the monsoon field. The situation in the
upper troposphere had been, categorically, the same
in all the cases — the appearance of small cored intense
anticyclonic spiral, fractionally imposed on the lower
convergence.

1.4 The resultant accentuation was, however, in the
form of rapid and exceedingly heavy downpour in
small area — the neighbouring places reporting a little
or no rainfall at all. The natural calamity in the loca-
lized areas was high. In the case of Raigarh-Champa-
Sambalpur area, the town of Raigarh was under water.
In the case of the Akola area, flash floods in the small
river Murna brought in severe devastation with loss
of life. In the case of Ramagundam-Sironcha area and
the Yeotmal area, sudden inundation brought in ex-
treme suffering for the people. In the case of the
Malegaon-Jalgaon-Ahuwa area, in Jalgaon and Male-
gaon towns there was heavy damage and loss of life
as reported by the press.

2. Chronological study

2.1. Raigarh-Champa-Sambalpur area between 24
and 25 August 1970

2.1.1, On 24th (0000 GMT), the monsoon trough
extended from northwest India to Orissa coast with
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an embedded low pressure area over northeast Madhya
Pradesh and the adjoining area of Uttar Pradesh and
Orissa (Fig. 1). In the upper troposphere, at the
representative level of 250 mb, a diffluent stream of
casterlies was exhibiting cyclonic curvature while res-
ponding to an amplification from east Madhya Pra-
desh to northwest Madhya Pradesh. The convergent
sector of the amplified easterly trough was possessed
by appreciable speed divergence®—isotachs showing
wind maxima over the central parts of east Madhya
Pradesh, containing the Raigarh-Champa-Sambalpur
area (Fig. 1). In the evening 1200 GMT, the low
level convergence, at the representative level of 1.5
km a. s. 1., was well obsereved as a meridional line of
streamline convergence, passing through Lucknow,
Allahabad, Ambikapur, Raigarh and Angul — allowing
monsoon easterlies and westerlies converge with the
drier northwesterlies (Fig. 2a). In the upper tropo-
sphere, at the representative level of 250 mb, a small
cored anticyclonic spiral formed with centre close to
Rourkela (Fig. 2b). Heavy rains followed in a small
area of Raigarh-Champa-Sambalpur only — Raigarh
reporting 33 ¢cm and Sambalpur and Champa 15 and
I3 cm respectively on the morning of 25th (Fig. 2b).
By 25th morning, the lower tropospheric line of stream-
line convergence shifted west and the upper anticy-
clonic spiral became non-existent. Rainfall activity
also declined abruptly.

2.2. Akola area from 24 to 25 September 1970

2.2.1. On 24th morning and evening, in the lower
troposphere, there was a well marked eddy trough
embedded in the monsoon trough, running north-south
across the Akola area (Fig. 3). In the upper tropos-
phere, a diffluent stream of ecasterlies was undergoing
amplification from Telangana to north Madhya Pradesh

with a considerable speed divergence in the convergent
sector, At the representative level of 200 mb, at
1200 GMT, the isotachs were showing wind maxima
slightly east of the Akola area (Fig. 3). By the morn-
ing, 0000 GMT of 25th at the representative level
of 200 mb, and anticyclonic spiral of small core for-
med, centred near Akola, with the surface eddy trough
still there (Fig. 4). In between, at 2100 GMT of 24th,
a meso low also formed around the Akola area,
weakening by the morning. Heavy downpour started
in a meso area around Akola from 2100 GMT of
24th, Akola Airport reporting 21 c¢cm against 13 cm
for the city on the morning of 25th (Fig. 4). The
autographic charts revealed that out of the total of
21 cm for the Akola Airport, 19 cm fell in course of
a short span of 6 hours between 2100 GMT and
0300 GMT, signifying an intense precipitation. By
25th evening, the eddy trough and the upper anti-
cyclonic spiral dissipated and then rainfall activity in
the area ended,

2.3, Ramagundam-Sironcha area between 24 and
25 September 1979

2.3.1. On 24th, 0000 GMT, a depression was cros-
sing the Andhra coasts associated trough extending
to Uttar Pradesh area (Fig. 5). In the upper tropos-
phere, at the representative level of 200 mb, there was
a separation of the upper easterlies and the westerlies
along 19 deg. N, wherein, appeared a small pool of
warmer air, cngulfing the Ramagundam-Sironcha area
(Fig. 5). The depression, after crossing the coasts
weakened and at 0000 GMT of 25th, it was lying as
a low over southeast Madhya Pradesh and the adjoin-
ing south Vidarbha (Fig. 6). In the upper tropos-
phere, at -the representative level of 200 mb, an

*The upper winds of Rourkela and Jabalpur are taken from the AIREP data plotted in the charts of the Meteorological office,
Colaba, Bombay.
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anticyclonic spiral of small core formed, centred bet-
ween Brahmapuri and Sironcha, still containing the
warm pool of air around (Fig. 6). By 0900 GMT,
the low became well marked around the Ramagundam-
Sironcha area, Rapid downpour started in the small
Ramagundam-Sironcha area, lasting only from 0900
GMT to 1200 GMT of the day. Within the course
of 3 hours, Ramagundam and Sironcha recorded heavy
falls of 11 and 10 cm respectively and a little rainfall
in the neighbourhood (Fig. 6). By 1200 GMT, both
the well marked low and the upper anticyclonic spiral
became non-existent and the heavy rains abated.

2.4. Yeotmal area between 18 and 20 September
1981

2.4.1. On the 18th, a depression was just crossing
the Andhra coasts, associated monsoon trough extend-
ing northwestwards to south Rajasthan, The depres-
sion, after crossing the coasts, weakened and by
1200 GMT of 19th, was lying as a well marked low
over Telengana, just skirting the south Vidarbha area
(Fig. 7). In the upper troposphere, at the representa-
tive level of 200 mb, there was a separation of the
easterlies and the westerlies, the ridge line passing
approximately along 20 deg. N, with a small pool of
warmer air into it, engulfing the Yeotmal area (Fig. 7).
By 1200 GMT of 20th, the well marked low became
a feeble low over Marathwada and adjoining south
Vidarbha, containing the Yeotmal area (Fig. 8). In
the upper troposphere, at the representative level of
200 mb, an intense small cored anticyclonic spiral
formed, centred near Wardha, with the small warm
pool of air still around it (Fig. 8). A meso low for-
med around the Yeotmal area at 1800 GMT. Along
with rainfall in Vidarbha and the areas south of it,
spectacularly, heavy fall occurred over a meso area
of Yeotmal; Yeotmal recording 22 cm next day morn-
ing (Fig. 8). The autographic charts of Yeotmal
revealed that out of the total of 22 cm, 21 cm fell
in course of 2230 GMT of 20th and 0230 GMT of
21st, signifying a very high rate of precipitation. On
21st, the low moved north and the upper anticyclonic
spiral became non-existent. Heavy rains abated, but,
for a reminiscence of 8 cm for Amraoti,

2.5. Malegaon-Jalgaon-Ahuwa area between 18 &
19 June 1982

2.5.1. On 18th morning, in the monsoon field, a
well marked trough extended southwards across the
south Gujarat coasts (Fig. 9), the associated cyclonic
circulation extending to the mid-troposphere, In the
upper_troposphere, at the representative level of 200
mb, ridge line seperating the upper casterlies and the
westerlies passed approximately along 22 deg. N, with
a small pool of warmer air into it, engulfing the west
Vidarbha area (Fig. 9). By 19th (0000 GMT), at
lpe representative level of 2.1 km a.s. 1., the cyclonic
circulation was over Madhya Maharashtra and adjoin-

ing Gujarat, centred near Jalgaon [Fig: 10 (a)]. In the
upper troposphere, at the representative level of 200
mb, a distinct small cored anticyclonic spiral formed,
centred close to Buldana (Fig. 10b). By 0900 GMT,
a meso low formed around the Jalgaon area. Exce-
edingly heavy rains followed in the small Malegaon-
Jalgaon-Ahuwa area, Malegaon, Jalgaon and Ahuwa
recording 24, 19 and 19 cm respectively on the next
day morning, against far less amounts in the neigh-
bourhood (Fig. 10b). On 21st, with the cyclonic cir-
culation persisting over south Gujarat, the upper anti-
cyclonic spiral became non-existent. Rainfall activity
in the area decreased abruptly, except for a remini-
scence of heavy fall over Ahuwa.

3. Discussion

3.1. Type of accentuation and its identification —
Isolated heavy rains do occur in the monsoon field,
associated with depressions, cyclonic storms, oro-
graphy, etc. But, in the absence of any of the major
systems or orography, to account such rapid and ex-
ceedingly heavy rains, confined in only a small area, it
requires detailed study., The participants in the lower
troposphere, were the convergences in the form of :
(1) meridional line of streamline convergence for the
Raigarh-Champa-Sambalpur area (Fig. 2a), (2) well
marked surface eddy trough for the Akola area
(Fig. 3), (3) embedded lows in the monsoon trough
for the Ramagundam-Sironcha area (Fig, 6) and the
Yeotmal area (Fig. 8) and (4) cyclonic vortex for
the Malegaon-Jalgaon-Ahuwa area (Fig. 10a). In the
upper troposphere, typically, for all these five cases,
there was a common feature, the small cored anti-
cyclonic spiral (Figs. 2b, 4, 6, 8 and 10b), In all the
cases, this upper anticyclonic spiral was seen to be
fractionally imposed on the lower convergence. In-
tense development in a meso/small area, correspond-
ing to the superimposition, was triggered off, only
after the appearance of this upper anticyclonic spiral.
The upper anticyclonic spiral, therefore, serves as a
forerunner and its recognition with reference to the
lower convergence becomes a tool for the identification
of such typical accentuations, the process of develop-
ment, obviously, being the favourable superimposition
of lower convergence by upper divergence.

3.2. The formation of upper anticyclonic spiral and
its role in the development

3.2.1. Formation — A careful qualitative survey of
the cases shows that the anticyclonic spirals are form-
¢d under two distinct processes in the upper tropos-
phere : (1) in a diffluent easterly stream undergoing
amplification and the convergent sector possessed by
wind maxima amounting to high anticyclonic shear
(Figs. 1 and 3), being a shear type and (2) in that
part of the ridge line separating the upper easterlies
and the westerlies, where a small pool of warmer air
is advected (Figs. 5, 7 and 9), being a warm pool
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3.2.2. Role in the development — The upper anti-
cyclonic spirals formed in all the cases are seen to be
of small core and fairly high peripherial winds. An
application of the equation of potential vorticity.

\ a
- — / " p = constant.
E=f . YUY 1stan

would suggest an enormous decrease in the
value of the numerator. because of : (/) high numerical

value of the shear term gv/gn around the small core}

(ii) fairly high necative value for the curvature(anti-
cyclonic) term v/r, near the centre or the immediate peri-
phery. under the limit r—0, v—0. (iii) negligible change
in the coriolis parameter / for the small core. For con-
stancy of the eguation, the vergence term  pin the
denominator decreases enormously. This signifies high
divergence for the upper anticyclonic spiral near the
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centre or the immediate periphery. The core of the
upper anticyclonit spiral being very small, the high
divergence out of it can, therefore, be favourably im-
posed, only on a small part of the lower convergence.
Moist air of the lower troposphere, appropriate to this
favourable conjunction, is only subjected to theintense
development.

4. Quantitative substantiation of the accentuation cases

4.1. Object of the quantitative survey and the method
used — The formation of the upper anticyclonic spiral
of the shear type, where,wind configurations are involved
and the delineation of the exact meso or small
areas of accentuation, where, fractional superimposi-
tion of lower convergence by upper divergence
is concerned, it requires a quantitative substantiation
for justifying the events. This is done by evaluating the
vergence and vorticity at the representative levels. The
method used, is that of Graham (1953), by arranging a
set of equilateral triangles in the field, the unit for the
evaluated values being 10—5/sec. For delineating the area
highest accentuation, an optimum conjunction of highest
upper divergence cum anticyclonic vorticity with highest
lower convergence cum cyclonic vorticity is tried ona
map (Miller and Keshavamurthy 1968 and Ramage
1971) preference given to the highest deployable upper
divergence that governs degree of the development
(Petterssen 1956)

4.2. Substantiation of the upper anticyclonic spiral of
the shear type—Evaluating the vergence and vorticity in
the units of 10—5/sec and reading positive and negative
vergences as divergence and convergence respectively
it is seen that in the case of the Raigarh-Champa-
Sambalpur area, as at 0000 GMT (Fig. 1), the amplified
part of the trough is composed of convergence —2 to—~6
cum cyclonic vorticity-+-5. But, intherestof theconver-
gent sector, particularly in the region of the wind maxima
a different combination exists. The down stream part
of the wind maxima has the combination of cyclonic
vorticity -2 to---5 with high divergence-/-2 to -6, whereas
the upstream part is-under dominance of high diver-
gence-+-6 cum anticylonic vorticity—2 to—5. The result,
by 1200 GMT, is a complete take over of the wind maxima
area by an anticyclonic spiral with high divergence-{-4
cum anticyclonic vorticity —10, centred near Rourekela
(Fig. 2). In the case of the Akola area, at 1200 GMT (Fig.
3), the entire convergent sector, withthe wind maxima
area to the east of Akola shows a varied combination. The
high cyclonic vorticity of--10 to--15 in the amplified
part of the trough and the wind maxima area to the
down stream is largely dominated by a high divergence
-5 to- 10 to the northeast of Akola, leaving room fora
share of convergence —S5 to—10 to the southeast of Akola,
wlien, same time, a high anticyclonic vorticity—5 to—10
awaits in the rest of the convergent sector upstream,
including a part of the wind maxima area. The result,
as seen at 0000 GMT of the next day, is an anticyclonic
spiral with high divergence -5 cum anticyclonic
v orticity— 10 centred slightly northeast of Akola(Fig.4).
T his spiral formation can be thought of been formed

earlier, timed with the start of the intense development
that resulted into heavy downpour in the Akola area
from 2100 GMT, absence of high ascents between
1200 and 0000 GMT apparently vitiating the prospects
of sighting the spiral eariier.

4.3. Substantiation of the exact meso/small arcas of
accentuation

4.3.1. For favourable superimposition vergence and
vorticity in the representative lower and upper levels
are evaluated in the units of 10—5/sec. The lower represe-
ntative layers are :the 850 mb for the Raigarh-Champa-
Sambalpur, the Ramagundam-Sironcha and the Yeotmal
areas: the 700 mb for the Akola area and the 2.1 km
level for the Malegaon-Jalgaon-Ahuwa area. The upper
representative layers are the 256 mb for the Raigarh-
Champa-Sambalpur area and the 200 mb for the rest
of the areas.

4.3.2. Superimposing upper divergence cum anti-
cylonic vorticity aloft lower covergence cum cyclonic
vorticity in the units of 107~ %/sec, it can be seen that in
the Raigarh-Champa-Sambalpur area (Fig. 2b), all the
highest values but for the far off upper divergence of }-8
are conjunctionable, delineating a small area with upper
divergence cum anticyclonic vorticity of—|74‘ cum—I10
and lower convergence cum cyclonic vorticity of—4
cum--8. In the case of the Akola area (Fig. 4), except
the highest upper anticyclonic vorticity, all other highest
values are far from each other, allowing an optimum
conjunction with upper divergence cwm anticyclonic
vorticity of -5 cum—10 and lower convergence cum
cyclonic vorticity of—2 cum --1 as to delineate a meso
area. In the case of the Ramagundam-Sironcha area
(Fig. 6), except for the far off lower convergence—2,
all other highest values are in conjunction as to delineate
a small area with upper divergence cum anticyclonic
vorticity of +8 and—10and lower convergence cum
cyclonic vorticity of —1 cum-t 4. In the case of the Yeot-
mal area (Fig. 8), the highest values of upper divergence
| & and lower convergence —2 being far off, the optimum
conjunction is with upper divergence cum anticyclonic
vorticity of -4 cum—10 and lower convergence cum
cyclonic vorticity of —!cum--10. In the case of the Male-
gaon-Jalgaon-Ahuwa area (Fig. 10b), with the highest
upper divergence available, the optimum conjunction 15
with upper divergence cun anticyclonic vorticity of 45
cum—> and lower convergence cut cyclonic vorticity
of —8 cum-|-10 as to delineate a small area between
Jalgaon and Malegaon-Ahuwa.

5, Model

The paramount feature in all these typical cases, that
serves asthe forerunner, is the upper ?.ntlcyclqnlc s'pira_l.
A schematic model outlining assumption of this spiral is
appropriate enough for the favourable conjunction

that follows next. Supported by both the qualitative and
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the quantitative discussions, a schematic model on the
formation of both the shear type and the warm pool
type upper anticyclonic spirals i1s shown in Fig. 11.
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